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CONTRIBUTIONS TO GENERAL GEOLOGY

CRYSTALLINE ROCKS OF THE POTOMAC RIVER GORGE NEAR WASHINGTON, D.C.

By Joux C. Reep, Jr., and JaNIicE JoLLy

ABSTRACT

Rocks of the Piedmont Plateau exposed in part of the gorge of
the Potomac River near ‘Great Falls are schist and quartzite of
early Paleozoic(?) age, coarse-grained amphibolite in small sill-
like bodies, ¢hlorite-muscovite gneiss in a large concordant body,
and granitic rocks ranging in composition from quartz diorite to
quartz monzonite in dikes and small discordant plugs.

The first episode of folding occurred during regional meta-
morphism which reached a climax in the central part of the
area; there the schist and quartzite contain sillimanite, and
migmatitic rocks are widespread.

Discordant granitic rocks are most common in the area of
highest grade regional metamorphism, and field and petrographic
evidence suggests that the granitic rocks may have been pro-
duced by mobilization of the silicic components of the country
rocks with little or no introduction of material. Emplacement
of the granitic bodies occurred largely after the major episode of
folding and formation of the regional schistosity.

The chlorite-muscovite gneiss (Sykesville Formation of Cloos
and ‘Cooke, 1953) apparently formed through granulation, fiow-
age and recrystallization of enclosing schist, without appreciable
addition or subtraction of material.

All the rocks in the area have been affected by retrogressive
metamorphism, which was most pervasive in the eastern part of
the area. Barlier medium- and high-grade mineral assemblages
were recrystallized, new lineations were formed, and older
structures were deformed or destroyed.

INTRODUCTION

Below Great Falls, about 8 miles west of Washington,
D.C., the Potomac River is incised in a spectacular
gorge, which displays unexcelled exposures of the rocks
of the Piedmont Plateau. This paper discusses the
crystalline rocks exposed between Great Falls and
Stubblefield Falls, about 3.5 miles downstream (pl. 1).

Keith (in Darton and Keith, 1901) made the first
systematic study of the crystalline rocks of the Wash-
ington quadrangles. Cloos and Anderson (1950) stud-
ied part of Bear Island, Md., about 1 mile downstream
from Great Falls, and Cloos (Cloos and Cooke, 1953)
mapped the crystalline rocks of Montgomery County,
Md. Bennison and Milton (1954) mapped adjacent
parts of Fairfax County, Va.

The map and most of the field observations in this
paper are by Reed; most of the petrographic parts of
the paper are by Jolly.

GEOLOGIC SETTING AND GENERAL FEATURES

The structure of most areas of the Piedmont is diffi-
cult to decipher because of scarcity of exposures and
marker horizons and the complexity of structural and
metamorphic history. The exposures in the Potomac
Gorge furnish an uncommon opportunity to relate the
structural and metamorphic histories of the rocks.

In the Potomac Gorge a bedded sequence of mica
schist and quartzite of early Paleozoic(?) age (mapped
as Wissahickon Formation by Cloos and Cooke, 1953)
with interlayered sill-like bodies of amphibolite is ex-
posed in a complex series of nearly isoclinal folds (pl.2).
Cleavage related to these folds dips steeply east in
the western part of the area, vertically in the central
part, and steeply to moderately west in the eastern part,
forming a symmetrical fan.

At least two episodes of regional metamorphism have
affected the rocks in the area. The earliest of these
reached a maximum intensity in the central part of the
area, where the schist and quartzite contain sillimanite
and where migmatites were produced and dikes and
small plugs of granitic rocks were emplaced. The major
isoclinal folds and the prominent cleavage were pro-
duced during this event. The schistose chlorite-musco-
vite gneiss (Sykesville Formation of Cloos and Cooke,
1953) that crops out in the eastern part of the area may
have been formed at this time. The grade of the earliest

" regional metamorphism decreases in the northwestern

part of the area, where migmatites are absent and
granitic rocks are rare, and where sillimanite and potas-
sium feldspar are lacking in the schist. The decrease in
metamorphic grade continues into northwestern Mont-
gomery County, where Cloos’ mapping (Cloos and
Cooke, 1953) shows that the schist and quartzite pass
into rocks of lower metamorphic grade surrounding
Sugarloaf Mountain (pl. 1).
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Effects of a later episode of low-grade regional meta-
morphism and hydrothermal alteration have been super-
imposed on all the medium- and high-grade rocks of the
area. Retrogression has been incomplete in the north-
western and central parts, but in the eastern part older
minerals have been entirely converted to assemblages of
the greenschist facies and older fabrics have been
largely obliterated. A northwest- or west-plunging
mineral lineation on the older cleavage was developed
during this episode. This lineation is conspicuous
throughout eastern Montgomery County, where 'Cloos
(Cloos and Cooke, 1953) mapped large areas of oligo-
clase-muscovite schist, suggesting that the grade of the
second regional metamorphism may increase eastward.

ROCK UNITS

SCHIST AND QUARTZITE

The rocks assigned to the Wissahickon Formation in
the Potomac Gorge by Cloos (Cloos and Cooke, 1953)
comprise a variety of muscovite-biotite, muscovite-
chlorite, and sericite-chlorite schists that are interlay-
ered with quartzite and amphibolite schist, chlorite-
epidote schist, and sparse calc-silicate rocks.

Schist and quartzite are interlayered in all propor-
tions. Beds range in thickness from less than an inch to
more than 25 feet and are separated by schist layers
fractions of an inch to a few tens of feet thick (fig. 1).
Some of the quartzite layers display crossbedding,
marked by dark micaceous partings; and a few beds 6
inches to 4 feet thick display conspicuous graded bed-
ding, passing upward from medium-grained pebbly
quartzite through finer grained quartzite and quartz
schist into mica schist. Parts of the sequence consist of
quartzite and schist in regular alternate layers, 4 to 8
inches thick, which Cloos and Anderson (1950) have
described as “rhythmite.” On the geologic map (pl. 2)
areas in which quartzite forms 20 percent or more of the
sequence are distinguished from areas in which quartzite
is less abundant.

The mica schist is a medium- to fine-grained strongly
foliated bluish- to greenish-gray rock composed pre-
dominantly of quartz, plagioclase, muscovite, biotite,
and chlorite. Where the schist is of medium or high
metamorphic grade and has not been thoroughly retro-
gressively metamorphosed, sillimanite, kyanite, garnet,
and potassium feldspar are identifiable in hand speci-
mens, and aggregates of sericite replacing aluminum-
silicate minerals are common locally. Where retrogres-
sive metamorphism has been more complete, the rock is
a lustrous fine-grained chlorite-sericite schist, com-
monly containing pods and knots of quartz that stand
out as nubbins on weathered surfaces.
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The schist commonly displays two foliations; a
highly contorted bedding foliation and cleavage paral-
lel to axial planes of minor folds, which transects the
bedding foliation. Both are marked by parallel aline-
ment of micaceous minerals. In the retrogressively
metamorphosed rocks east of the Anglers Inn syncline
(pl. 2), the bedding foliation is completely obliterated,
or remains only as scattered isoclinal hinges between
the younger cleavage planes.

In the area of highest grade regional metamorphism
and migmatization in the Bear Island syncline, the
schist is’ seamed and veined by light-colored quartz-
feldspar laminae along both bedding foliation and
cleavage, so that the outcrop has a “shredded” appear-
ance (fig 18). Locally the schist passes into migmatitic
gneiss with foliation marked by dark micaceous wisps
and discontinuous flow-disrupted layers of quartzite.

Quartz generally constitutes 20 to 40 percent of the
schist, and plagioclase 5 to 25 percent. Unaltered
plagioclase in the medium- and high-grade schist in the
central and northwestern part of the area is oligoclase
or andesine. Many grains are untwinned, but some dis-
play multiple albite and pericline twinning. Both nor-
mal and reverse zoning are common, and as many as
four zones occur in some grains. Albite occurs as clear
rims on more calcic plagioclase, as patches and inter-
growths in other feldspars, and as cloudy grains
containing inclusions of epidote, sericite, and other
minerals, probably pseudomorphs after earlier, more
calcic plagioclase. In the retrogressively metamor-
phosed rocks in the eastern part of the area, plagioclase
is less abundant and is entirely clear granoblastic albite.

Microcline occurs in the schist in the area of highest
grade regional metamorphism, and locally as scattered
porphyroclasts in the retrogressively metamorphosed
schist to the east (fig. 2). It rarely composes more than
1 percent of the rock. It occursin cloudy sieve-textured
grains containing inclusions of biotite, quartz, and cal-
cic plagioclase, and as clear irregular grains interstitial
to these minerals. Microcline grains are rimmed and
partly replaced by albite (fig. 3), and myrmekite is com-
mon between microcline and albite grains.

Muscovite and sericite compose 15 to 40 percent of
most of the schist. Muscovite occurs as deformed
flakes and aggregates parallel to the contorted bedding
foliation and as smaller flakes parallel to cleavage in the
less thoroughly retrogressively metamorphosed rocks.
In the more thoroughly retrogressively metamorphosed
schist, sericite occurs in folia parallel to cleavage and as
aggregates replacing older minerals.

Biotite and chlorite form 10 to 30 percent of most of
the schist. Biotite is predominant in the medium- and
high-grade rocks that have been least affected by retro-
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age in aberrant attitudes (fig. 11), indicating that the
granitic rocks were emplaced after the folding.

Most S; cleavage planes and mineral lineations (L)
are not symmetrical with respect to the B fabric axes.
Their distribution and character suggest that they
formed during retrogressive metamorphism of the
medium- and high-grade rocks.

The L. lineation commonly lies on S, cleavage planes,
which were formed during the earlier deformation.
This suggests that the later deformation occurred along
the previously formed S, planes and that only locally
were new S; cleavage planes developed transverse to the
old S, planes. Additional evidence was seen where thin
granitic dikes cut the S, cleavage planes but are them-
selves offset along planes parallel or subparallel to the
S, planes, showing that renewed movement has occurred
along the S, planes after emplacement of the dikes
(fig. 9B).

SUMMARY OF STRUCTURAL AND METAMORPHIC
HISTORY

Table 1 summarizes the inferred structural and met-
amorphic history of the area. The general sequence of
metamorphic events, as indicated in table 1, is fairly
well established by the present study, but the geologic
and absolute chronologies are inknown. Inasmuch as
structural evidence indicates that the emplacement of
the granitic rocks occurred shortly after the climax of
regional metamorphism, the age of the granitic rocks
may furnish the key to the metamorphic chronology of
the area. A single determination by the Larsen method
of the age of zircon from one of the discordant granitic
bodies on Bear Island (Jaffe and others, 1959, specimen
no. 272) gives 568 million years, but there is some ques-
tion as to the significance of this figure, both because
of the heterogeneity of the zircon suite in the sample
(Jaffe, oral communication, 1958) and because of un-
certainties in the laboratory procedures. If the age is
correct the climax of regional metamorphism in the
area occurred probably during Early Cambrian time
and the schist and quartzite (Wissahickon(?) Forma-
tion) are Precambrian.

Recent radiometric age determinations of minerals
from rocks near Baltimore (Tilton and others, 1959)
have shown that pegmatites (and probably granites)
were emplaced in the Wissahickon(?) Formation in
that area about 450 million years ago and that there is
evidence of a later metamorphic event about 300 million
years ago. It is possible that the period of pegmatite
injection in the Baltimore area may be synchronous with
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the period of emplacement of granitic rocks in the Po-
tomac Gorge, and that the later event may be synchro-
nous with the hydrothermal alteration and retrogressive
metamorphism in the rocks along the Potomac River.

Our study has established the presence of partially
retrogressively metamorphosed rocks of medium and
high metamorphic grade among the rocks mapped by
Cloos and Cooke (1953) as being of low metamorphic
grade. In the area studied the boundary between the
medium- and high-grade rocks and thoroughly retro-
gressively metamorphosed rocks of low metamorphic
grade to the east falls at the pronounced change from
predominantly northeast lineation trends to predomi-
nantly west or northwest lineation trends, which was
recognized by Cloos (1946, pl. 10) and which is con-
spicuous on the geologic map of Montgomery County
(Cloos and Cooke, 1953). Our study indicates that the
northeast-trending lineations are B-lineations formed
during medium- and high-grade regional metamor-
phism, and that the west- or northwest-plunging linea-
tions are probably mostly a-lineations formed during
the later retrogressive metamorphism.

Detailed mapping of adjoining areas, especially of
the exposures along the Potomac River northwest and
southeast of the area studied, is needed to determine the
relation of the medium- and high-grade rocks we have
described to rocks of apparently low metamorphic grade
to the west and to rocks of apparently medium or high
metamorphic grade to the east mapped by Cloos and
Cooke (1953). Similar detailed mapping along the
Patuxent River would assist in establishing these rela-
tions, which are critical in the interpretation of the
structural and metamorphic history of this part of the
Piedmont.

Radiometric age determinations on minerals from the
rocks in the area studied should make it possible to estab-
lish the date of the climax of the first regional metamor-
phism and granitic intrusion in this part of the Pied-
mont and might indicate the age of other metamorphic
and structural events.

Petrographic studies might further elucidate the re-
lations between the various metamorphic and structural
events, and more detailed geochemical and petrologic
studies might confirm or refute our inferences as to the
origin and mode of emplacement of the granitic rocks
and the origin of the chlorite-muscovite gneiss.

We hope that this discussion will draw attention to
the many questions which remain unresolved and may
encourage others to undertake studies in this area.
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TABLE 1.—Summary of structural and metamorphic history

STRUCTURAL METAMORPHIC
EPISODES Northwest part of area Central part of area East part of area EPISODES
Emplacement of large quartz veins
g
g EE Recrystallization of medium- or high-grade é .E"
m gof_’, -?_, 3 schist to chlorite-sericite-albite schist and 8 5
55 g g E Local chloritization, sericitization, and sausseritiza - granitic gneiss to chlorite-muscovite gneiss. ° 5
P g 53 tion of old minerals and formation of albite replac- Obliteration of older mineral assemblages. .5 g
.g L‘i’g 5 b ing older feldspars. Formation of mineral lineation Formation of quartz pods and segregation 2 g
E"’ g EE [ (Lp) and of cleavage (S3) and small cross folds veinlets, Shearing along S; cleavage forms | & g
SBo E | mineral lineation (Ly) and largely obliterates §° o
&£s25 'g'.\-? | traces of bedding (S;). Local formation of | g &
R cleavage (S3) and small cross folds e~
83 aw !
hal ©n 0o |
|
[Formation of quartz pods and seg- Emplacement of discordant granitic _ (Formation of quartz pods and segregation vein-
g{, | regation veinlets in schist " bodies and pegmatites T lets in schist?)
d
© Migmatization and local mobilization
& g of migmatite D
= E g
23 =
&g Recrystallization of shale tomicro- B 8 £
m cline and sillimanite-bearing g2
6~ Recrystallization of shale to kyanite- muscovite - biotite - plagioclase| | Recrystallization of shale and sandstone to © S
5 § bearing muscovite-biotite-plagi- schist, sandstone to quartz-mus- medium- or high-grade schist and quartzite; | > _Zf g
= g oclase schist; sandstone to quartz- covite schist and quartzite; dolo- dolomitic beds to amphibole-plagioclase | @ &b &
EE muscovite schist and quartzite; mitic beds to amphibole-plagio- schist or calc-silicate rocks, Formation of | & _‘; ?-::’
g dolomitic beds to calc-silicate clase schist and calc-silicate granitic gneiss. Formation of ma jor and minor é" g~
= rocks. Formation to major and rocks; and diabase or gabbro to folds, axial planecleavage (Sy)and B-lineation |n,
minor folds, axial plane cleavage andesine amphibolite. Formation (L1)
(S2), and B-lineation (L) of major and minor folds, axial
plane cleavage (S3), and B-linea-
tion (L) ]

Deposition of shale interbedded with arkosic sandstone,
locally with thin dolomitic beds
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